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(54) MACHINE TOOL

(57) A machine tool for machining a workpiece with
a tool moved relative to the workpiece is provided with a
bed (13) providing a base, a column (15) vertically mount-
ed on the bed (13), and a carriage (27) having supporting
columns (27a and 27b), disposed on either side thereof,
for oscillatably supporting a table (35), the carriage being
oriented so that one (27b) of the supporting columns (27a
and 27b) is positioned adjacent the column (15) and the
other (27a) of the supporting columns is positioned away
from the column (15).

Figl

21 )
12 19| f

Y —27h
B / =
c 33~ E_ e S IR 5
NG 7T = i !
29b(29a) + =l '
35 1Y 37 !
,,,,,,, J___,_1
)
¢

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 283 966 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to a machine tool,
having an oscillatory table, for machining a workpiece by
moving a tool relative to the workpiece.

BACKGROUND ART

[0002] A multi-axis machine tool, having at least one
rotary feed axis in addition to three orthogonal X-, Y-and
Z-axis, is well known in the art. For example, JP-A-
2006-305692 discloses a five-axis machining center pro-
vided with a pallet changer. The machining center in-
cludes a bed providing a base and a column vertically
mounted on an upper face of the bed. In front of the col-
umn, the machined tool its provided with a trunnion type
cradle which is movable linearly in Y-axis direction, per-
pendicular to the front face of the column, along the upper
face of the bed. The cradle can further oscillate about a
rotary feed axis, i.e., A-axis, parallel to the horizontal X-
axis which is perpendicular to the Y-axis.

[0003] A table is mounted to the cradle for rotation
about another rotary feed axis, i.e., C-axis, perpendicular
to the A-axis. A pallet, on which a workpiece is mounted,
is detachably attached to the table.

DISCLOSURE OF THE INVENTION

[0004] The above-described cradle of the machining
center is supported for rotation about the A-axis parallel
to the X-axis. The pallet is changed by a pallet changer
arranged in a front portion of the bed. Accordingly, the
machining center disclosed in JP-A-2006-305692 has a
problem that the trunnion of the cradle obstructs an op-
erator to access and/or to operate with the workpiece
secured to the table. Furthermore, because an operator
accesses the workpiece from a position close to the pallet
changer, there is a possibility that the pallet changer may
interfer with the operator when a malfunction is caused
in the pallet changer.

[0005] Accordingly, the present invention is directed
to solve the problems of the prior art, and the objective
of the present invention to provide a machine tool im-
proved to allow easier access for a workpiece whereby
the workability and the safety of the machine tool are
improved.

[0006] The present invention provides a machine tool
for machining a workpiece with a tool moved relative to
the workpiece, comprising a bed providing a base, a col-
umn vertically mounted on the bed, and a carriage having
supporting columns, disposed on either side thereof, for
oscillatably supporting a table to which a workpiece is
mounted, the carriage being oriented so that one of the
supporting columns is positioner adjacent the column
and the other of the supporting columns is positioned
away from the column.
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[0007] Further, the present invention provides a ma-
chine tool for machining a workpiece with a tool moved
relative to the workpiece, comprising a bed providing a
base, a bed comprising a base, a column vertically
mounted on one end portion in the longitudinal direction
of the bed, a carriage mounted on an upper face of the
bed for linear motion in the longitudinal direction of the
bed, a table mounted on the carriage for oscillation about
an oscillation shaft extending parallel to the longitudinal
direction of the bed, a saddle mounted to a front face of
the column for horizontal linear motion perpendicular to
the longitudinal direction of the bed, and a spindle head,
mounted to the saddle for vertical linear motion perpen-
dicular to the horizontal linear motion of the saddle, for
supporting a main spindle for rotation about a vertical
axis, the main spindle holding a tool to face the table.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Figure 1 is a side view of a machine tool according
to a preferred embodiment of the present invention.
Figure 2 is a front view of the machine tool shown in
Figure 1.

Figure 3 is a plan view of the machine tool shown in
Figure 1.

Figure 4 is a schematic diagram showing a layout of
a factory provided with the machine tools of the
present invention.

THE MOST PREFERRED EMBODIMENT OF THE
PRESENT INVENTION

[0009] With referene to the drawings, in particular Fig-
ures 1 to 3, the preferred embodiment of the present in-
vention will be described below.

[0010] The machine tool 11 of the preferred embodi-
ment of the present invention includes as main compo-
nents a bed 13 providing a base, a column 15 vertically
mounted on the upper face of the bed 13, a rotary table
35 arranged on the upper face of the bed 13 in the front
of the column 15, a spindle head 21 supporting a main
spindle 25 for rotation about a vertical axis (Z-axis) above
the table 35, a saddle 17 supporting the spindle head 21
on the front face of the column 15, a pallet changer 39
arranged at one side of the bed 13, and an automatic
tool changer 51 arranged between the pallet changer 39
and the column 15.

[0011] Inthis embodiment, the longitudinal direction of
the table 35 (the right and left direction in Figure 1) is
defined as a Y-axis. The direction perpendicular to both
the Y-axis and the Z-axis, which is center axis for rotation
of the main spindle 25, is defined as an X-axis. The
present invention may include a machine tool in which
the longitudinal direction of the table 35 is defined as an
X-axis and the direction perpendicular to the X- and the
Z-axis is defined as a Y-axis.
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[0012] Inthe present embodiment, the entire machine
tool 11 is generally surrounded by a cover 9. The cover
9 includes a pallet door 9a for the pallet changer 39 and
an access door 9b for an operator to access a workpiece
on the table of the machine tool 11 as described later.
The pallet door 9a and the access door 9b are arranged
on either sides of the bed 13. In this connection, in the
present embodiment, the access door 9b provides an
access means through which an operator accesses the
workpiece on the table 35. The access means may further
include a footstool or a step disposed at a side of the bed
13.

[0013] The column 15 includes a pair of leg portions
which are apart from each other in the X-axis direction
so that a cavity portion 15¢ is formed. A pair of X-axis
rails 19a and 19b are extended along the front face of
the column 15. The saddle 17 is mounted to the column
15 for reciprocation along the X-axis rails 19a and 19b.
The column 15 includes, as an X-axis feed means, a ball
screw (not shown) extending in the X-axis direction, and
an X-axis feed motor (not shown) connected to one end
of the ball screw. The saddle 17 includes a nut (not
shown) engaging the ball screw. In the present embod-
iment, an operation panel 53 may be mounted to the side
of the column 15 opposite to the pallet changer 39. The
operation panel may have an input device (not shown)
for operating the machine tool 11 and a display unit (not
shown) for displaying the state of operation of the ma-
chine tool 11.

[0014] A pair of Z-axis rails 23a and 23b extend along
a front face of the saddle 17. The spindle head 21 is
mounted to the saddle 17 for reciprocation along the Z-
axis rails 23a and 23b. The saddle 17 includes, as a Z-
axis feed means, a ball screw (not shown) which extend-
ing in the Z-axis direction, and a Z-axis feed motor (not
shown) connected to one end of the ball screw. The spin-
dle head 21 includes a nut (not shown) engaging the ball
screw.

[0015] The spindle head 21 supports the main spindle
25 for rotation about the Z-axis so that the distal end
portion of the main spindle 25 faces the table 35. Tool T
is attached to the extend of the main spindle 25. The
spindle head 21 includes a drive motor (not shown) for
rotationally driving the main spindle 25.

[0016] A pair of Y-axis rails 29a and 29b extend along
the upper face of the bed 13. A carriage 27 is mounted
to the upper face of the bed 13 for reciprocation along
the Y-axis rails 29a and 29b. At least a portion of the
carriage 27 can enter the cavity portion 15c of the column
15. The bed 13 includes, as an Y-axis feed means, a ball
screw (not shown) which extend in the Y-axis direction,
and a Y-axis feed motor (not shown) connected to one
end of the ball screw. The carriage 27 has a nut (not
shown) engaging the ball screw.

[0017] Asshown inFigure 1, the carriage 27 is formed
into a U-shape having a pair of supporting columns 27a
and 27b which are apart from each other in the Y-axis
direction. The supporting columns 27a and 27b rotatably
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support a pair of oscillation shafts 31a and 31b extending
inwardly along Y-axis. One of the oscillation shafts 31a
and 31b is connected to a B-axis feed motor (not shown)
for rotationally feeding the oscillation shafts 31a and 31b.
The B-axis feed motor is accommodated in one of the
supporting columns 27a a 27b.

[0018] AU-shaped oscillating member 33 is connected
to the ends of the oscillation shafts 31a and 31b. On the
upper face of the oscillating member 33, a rotary table
35 is rotatably supported by a rotary shaft 37. A C-axis
feed motor (not shown) for rotationally feeding the rotary
table 35 is incorporated into the rotary shaft 37.

[0019] The pallet changer 39 includes a rotary arm 41
supported by a rotary shaft 43 perpendicular to the upper
face of the bed 13, and a shifter 45. The shifter 45 is
mounted on an upper face of the bed 13 for reciprocation
along a pair of guide rails 47a and 47b extended in the
X-axis direction. The rotary arm 41 is preferably mounted
to the bed 13 so that one end portion can be positioned
outside the cover 9. Incorporated into the bed 13 are a
rotary motor (not shown), connected to the lower end of
the rotary shaft 43, for rotating the rotary arm 41 and a
hydraulic cylinder (not shown) for reciprocating the shifter
45 in the X-axis direction. The rotary arm 41 has a setup
position 57, where one of the end portions is located out-
side the cover 9, and a handover position 59 wherein the
cover 9 the pallet P is transported to the opposite end
portion from the shifter 45 and vice versa.

[0020] According to the present embodiment, in the
machine tool 11, one of the supporting columns 27a and
27b of the carriage 27 is positioned toward the column
15. Therefore, the pallet changer 39 can be positioned
at one side of the bed 13. Accordingly, an operator of the
machine tool 11 can access a workpiece on the table 35
from the opposite side of the bed 13 opposite to the pallet
changer 39. Therefore, the workability and the safety of
the machine tool 11 are remarkably improved.

[0021] Further, according to the present embodiment,
when arranging a plurality of machine tools 11 in a fac-
tory, as shown in Figure 4, a workpiece conveyance line
61, including a conveyer and an automatic conveyance
system, can be arranged at a side where the pallet chang-
ers 39 are disposed, and an access passage 63 for an
operator can be arranged at the opposite side with re-
spect to Y-axis. The workpiece conveyance line 61 and
the access passage 63 can be clearly separated from
each otherin afactory as described above, and therefore,
the safety in the factory can be remarkably improved:
[0022] Further, according to the present embodiment,
the access doors 9b of the covers 9 can be arranged
toward the access passage 63 opposite to the pallet
changers 39 with respect to Y-axis. Therefore, the oper-
ator can directly access the machine tools 11 from the
access passage 63. This arrangement in a factory cannot
be accomplished by the conventional machining center
described above.

[0023] Furthermore, according to the present embod-
iment, the operation panels 53, adjacent the access
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doors 9b, can be also arranged near the access passage
63. Accordingly, an operator can directly access the op-
eration panels 53 from the access passage 63. There-
fore, the operability of the machine tools 11 can be re-
markably improved.

[0024] According to another embodiment, instead of
the pallet changer, an articulated robot detachably hold-
ing aworkpiece may be employed as a workpiece chang-
ing means.

Claims

1. A machine tool for machining a workpiece with a tool
moved relative to the workpiece, comprising:

a bed providing a base;

a column vertically mounted on the bed;

and

a carriage having supporting columns, disposed
on either sides thereof, for oscillatably support-
ing a table to which a workpiece is mounted, the
carriage being oriented so that one of the sup-
porting columns is positioned adjacent the col-
umn and the other of the supporting columns is
positioned away from the column.

2. A machine tool for machining a workpiece with a tool
moved relative to the workpiece, comprising:

a bed providing a base;

a column vertically mounted on one end portion
in the longitudinal direction of the bed;

a carriage mounted on an upper face of the bed
for linear motion in the longitudinal direction of
the bed;

a table mounted on the carriage for oscillation
about an oscillation shaft extending parallel to
the longitudinal direction of the bed;

a saddle mounted to a front face of the column
for horizontal linear motion perpendicular to the
longitudinal direction of the bed; and

a spindle head, mounted to the saddle for verti-
cal linear motion perpendicular to the horizontal
linear motion of the saddle, for supporting a main
spindle for rotation about a vertical axis, the main
spindle holding a tool to face the table.

3. The machine tool according to claim 2, further com-
prising:

workpiece changing means, mounted at one
side of the bed with respect to the longitudinal
direction of the bed, for changing a machined
workpiece on the table with a non-machined
workpiece; and

access means for allowing to access a work-
piece on the table from the side opposite to the
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workpiece changing means with respect to the
longitudinal direction of the bed.

The machine tool according to claim 3, wherein the
workpiece changing means comprises a pallet
changer for changing a pallet to which a workpiece
is mounted.

The machine tool according to claim 4, wherein the
pallet changer includes:

a rotary arm rotatable about a vertical axis; and
a shifter arranged between the rotary arm and
the table for reciprocation in the horizontal di-
rection perpendicular to the longitudinal direc-
tion of the bed, the shifter receiving a non-ma-
chined workpiece mounted to a pallet from the
rotary arm together with the

pallet to transport them to the table, and also
receiving a machined workpiece mounted to a
pallet from the table together with the pallet to
transport them to the rotary arm.

The machine tool according to claim 3, wherein the
workpiece changer comprises an articulated robot
for detachably holding a workpiece.

The machine tool according to claim 2, the table in-
cluding:

an oscillating member having an oscillation shaft
extending parallel to the longitudinal direction of
the bed and attached to the carriage for oscilla-
tion; and

a rotary table mounted on an upper face of the
oscillating member for rotation about a vertical
axis.
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